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Abstract 
Fires, floods, gas, roof and coal dust are known as the five major disasters of coal mine, which have always been treated as the focus of 
prevention and control of coal mine in safety production. Taking the example of Changzhi's  experience in Shanxi Province, in order to 
improve the security basic qualities and skills of mine workers they have reinforced the labor management of the coal industry, built the 
five systems and two large database, this paper introduces the method of Changzhi city and preliminary effect, it is concluded that 
improving the safety quality of staffs is the fundamental solution of coal mine safety production, at the same time, it confirms positive 
significance of the accident of heinrich causal chain theory in the coal mine accident prevention. 
© 2014 The Authors. Published by Elsevier Ltd. Selection and peer-review under responsibility of the Academic Committee 
of ICPFFPE 2013. 
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1. Question: Substantial increase in the technical level of equipment is not a useful way to curb the occurrence of 
safety accidents in coal mines. 
In the Chinese coal mine, production safety has been a concern of the community for a long time. In recent years, 
government and businesses in the area of prevention and control of coal mine accidents have done a lot of work, safety 
production of coal mine industrial technology has been greatly improved, especially information, digital production , 
promoting safety monitoring and control technology have greatly improved the situation of coal mine safety equipment and 
technology. The number of coal mine production safety incidents and the number of deaths overall show downward trend, 
but a variety of serious mining accidents still happen , as shown in table 1 and figure 1. In 2012, in general  779 coal mine
accidents happened in China, more than 1300 people dead, millions of tons of coal mortality rate for 0.374[1] are 
significantly higher than the level in developed countries. Why we couldn't effectively curb the accident happened with the  
equipment and technologies  improving? What is the root cause of the accident in coal mine? These problems caused more 
and more people to think. 
Table 1. China's coal production and coal mining accident in 2001-2012 
Vintage Raw coal production ( tons ) 
Deaths number of coal 
mine accident Million tons death rate 
                                                          
* Corresponding author. Tel.: +86-15129034499. 
E-mail address: 350747940@qq.com 
© 2014 Published by Elsevier Ltd. Open access under CC BY-NC-ND license. 
Peer-review under responsibility of School of Engineering of Sun Yat-Sun University
434   Shu-ying Sun and Xi Gai /  Procedia Engineering  71 ( 2014 )  433 – 440 
2001 138152 5670 5.07 
2002 145456 6995 4.94 
2003 172200 6683 4.17 
2004 199232 6027 3.08 
2005 220473 5938 2.84 
2006 237300 4746 2.04 
2007 252300 3786 1.48 
2008 271600 3210 1.18 
2009 296100 2631 0.89 
2010 324400 2433 0.80 
2011 352300 1973 0.56 
2012 365700 1374 0.37 
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Fig.  1. Coal production and million tons of coal mine mortality between 2001-2012 years trends comparison chart 
( data from the State Administration of Work Safety announced ) 
Wangjialing coal mine in Shanxi Province is a large modern integrated coal mine which sponsored by the Shanxi Coal 
Transportation Group and Guodian Fuel Ltd and its equipment is advanced. But on March 28, 2010 it shocked the world 
with a big accident, because of the confusion of organization and management at the scene. In order to catch the deadline, 
scheduled 14 excavation teams working at the same time, and there were too many underground construction workers with 
low quality, weak self - awareness of protecting, caused the accident which there were 153 people trapped underground and 
38 workers were killed. Xiangyuan good fortune of Shanxi coal mine’s equipment is also advanced, but on April 12, 2012, 
it also occurred a terrible accident. Due to the coal miners were lack of basic technical knowledge and skills of safety 
emergency protection during the excavation process, and when Ben Director saw the signs of the accident they command 
incorrectly and did not escape in time but to continue to use shed to support working, resulting in 11 miners killed. This was 
an accidents which typically caused by human negligence. There are a lot of coal mines invest heavily in improving coal 
mine equipment on the one hand, on the other, a large number of miners employed low quality miners, so there are many 
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accidents were not avoided. A large number of Statistics at home and abroad show that about 70-90 percent of the total 
number of accidents were caused by the operation error or the management error of people. Changzhi City from 2008 to 
2012 occurred 47 accidents such as coal mine gas explosion, fire, water, machinery production safety incidents, of which 90 
percent were human-factor accident. 
2. Outlet: Improve coal miner’s basic safety skills can reduce the occurrence of human-factor accidents 
In order to effectively prevent and control coal mine production safety incidents, many experts research on the cause of 
the accident on coal mine accident especially in human-factor accidents and developed different theories. Heinrich accident 
cause and effect chain theory suggests that the unsafe acts of, people and the unsafe state of environment are the direct 
causes of the accident and all these insecurity are caused by people's shortcomings. In 2011, Wei Xiangrong of Shanxi 
Jincheng Coal Industry Group proposed that in the coal industry unsafe behavior of people is the largest hazards of accident. 
Unexpected accidents often occur in a repeated violation on the basis of an accident occurs, corresponding repeated attempts. 
The best ways to prevent the occurrence of accidents are eliminating the "three - violation ", and annihilate "attempted "[5]. 
Su Liping of Jincheng Group of King Chu in Shanxi proposed in 2004 that the causes of the accident in coal mine are 
people’s unsafe acts and object’s unsafe conditions. And object’s unsafe conditions are also because of human factors. 
Human errors are common, but not necessarily all of the System Failures are induced by human error, varies depending on 
the system time. There are a number of attempted human error caused only a potential accident or failure and often failed to 
attract sufficient attention, however, these potential failures for buried a hidden danger of Work Safety[6]. In this sense, 
human are both producers and victims of the accident. Unsafe behavior of people is the most direct, the main factors leading 
to production safety incidents. Whether ignorance of the people, emergency handling misconduct, also was knowingly, such 
as lack of vigilance, it is lack of safe knowledge, expression of the sense of security is not strong in action. Only improve 
the overall quality of the coal mining industry personnel, so that those who have basic knowledge of security and safety 
skills to engage in coal production, ultimately, to prevent the occurrence and control of coal mine production safety 
incidents. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Security theory tells us that safe production depends on input, facility, technology, information ,systems etc,. However, 
the final analysis relies on people, especially the education of people. Safety Systems including people, equipment, 
environment and management. People , the first element of safety, is the subject of Production Safety. As the leading 
industry of Changzhi, 9 out of 13 counties in the city are Coal County. There are a total of 110 seats in coal mine all over 
the city. Coal generated 80% of the GDP of the city's economy, economic development is inseparable from the Coal 
Industry. In order to speed up the economic development of coal mine production and the production of coal mine safety 
accident. This is a " dilemma " choice. Without high quality coal industrial workers, there would be no safe development of 
Fig. 2. building of coal mine safety management model 
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the coal industry. There are 50,000 coal mine workers in Changzhi, nearly half of them are migrant workers. Before 2008, 
hiring management of coal mines are not strict,. when coal market booming owner employing " hungrily ".Some employees 
just put down shovels, hoes and switch themselves into miners underground. These coal mine workers, without a 
comprehensive systemic vocational training, which in themselves are a great deal of latent defect. As early on July 1st, 2000, 
the Ministry of Labour and Social Security on coal 90 professional, such as (type) implementation of the employment 
permission system. Those who do not meet state standards, lacking of professional qualification certificate personnel, are 
not allowed to be hired illegally by companies, or allowed to post jobs without a license. It can be said that strengthening the 
management of the coal industry employment and improving quality of industrial personnel are mandatory provisions of the 
state, as well as a powerful guarantee to the needs of coal industry safe development. Must be based on quality problem of 
concept as a starting point, layer by layer through the business process and execution the problem, optimizing the 
organization for Security system of strategic management, safety systems management, security management, security 
innovation management, security culture management, in order to build effective coal mine safety management model, as 
shown in figure 2. 
3. Measures: To establish a system of five, and the two database -- Take Changzhi City for example 
3.1.  Present situation of employment in coal enterprises in Changzhi City 
Coal is the leading industry in Changzhi City, the city's 13 counties, 9 coal counties, a total of 110 seats in coal mine all 
over the city around the coal generated 80 of the GDP of the city's economy, economic development is inseparable from the 
Coal Industry. To speed up the economic development of coal mine production and to production of coal mine safety 
accident happens. Changzhi City from 2007 to 2012 the total coal mine gas explosion, fire, water, machinery production 
safety incidents such as accidents 47, of which 91.4 were due to accidents. ( Table 2 below ) 
 
Table 2. The incidence of coal mine accidents due to human factors in Changzi city, Shanxi province in 2007 to 2012. 
 
3.2. Measure: Establishing a system of five, and  two Databases 
Since 2008, comprehensively strengthening management of coal mine employment in Changzhi had introduced strict 
miners Access System and according to the " first employment after training, induction after the first licensed " principle, 
the implementation of the Five Systems, the establishment of two databases. Specific as shown in figure 3. 
 
Year 2007 2008 2009 2010 2011 2012 Total 
Total accident 23 10 9 1 3 1 47 
Human accident 21 9 9 1 2 1 43 
Ratio˄%˅ 91.3 90 100 100 67 100 91.4 
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Fig.  3. management mode of labor in coal mines in Changzhi City 
 
Five system are : 
Firstly, pursuing the compulsory system of access to employment in the coal industry. Any new coal enterprise workers, 
personnel must receive related training and get the professional qualification certificate. Existing coal mining enterprises 
fully employed workers, phased rotation in batches, those who with training of qualified professional qualification 
certificate can stay, others have to leave. Check on enterprise monitor the employment situation of the coal industry, which 
are free to hire worker without training or fail to get training qualified personnel of enterprises, will be adjudged illegal 
employment, and accept severely punishment. Since 2013, all coal mine industries must hire coal Vocational and Technical 
College (school) graduates in place of social recruitment.  
Secondly, tightening the coal industry labor concentrated training system. Municipal, county government established the 
coal industry management service center agency which will take unified admission, unified training and unified 
management to all coal mine industry recruitment. Relying on the Higher Technical School in Changzhi city established a 
training base. Strong teachers in the true distribution, excellent equipment training equipment, the training programme and 
Manpower. Depending on the audience reasonable size of the organization of training hours, training content and training. 
Especially for low cultural level of the current situation of migrant workers, more physical, tour of the site, such as case 
studies, tell image intuitive approach to training so enhance the effectiveness of training to ensure that the quality of training. 
Training and reserves are two ways to order. Order training is when businesses need for new workers, first submitted plans 
to the employment management services center, managed by the Employment Service Centers according to plan, according 
to the requirements needed for enterprise training of qualified workers. Reserve Training is managed services center, 
according to market demand, targeted training of professional skill personnel, human resources in reserve into the repository. 
When high risk industries and enterprises need employment, directly from the repository of human resources. 
Thirdly, we will strictly implement labor contract system in high risk industries. All the training of qualified personnel in 
high-risk enterprise employment, employment companies must be signed with the employment of workers in accordance 
with the labour contract. Register at the labor security administration department, clear rights and obligations of both sides, 
maintain normal working order to ensure that workers' wages are paid in full and  ensure that the implementation of the 
social security system on time, effectively safeguard the legitimate rights and interests of workers. 
Fourthly, strictly implement dynamic management system of coal industry in China. An examination of qualified than 
once and for all, but always in accordance with the standards for the professional skill requirements. By knowledge test, 
field operations, make an on-the-spot survey and a variety of ways, to strict assessment, assessment laid off from failing 
training, continuous assessment failed twice would be dismissed. Personnel changes in jobs, retraining in a timely manner. 
China has a gap in time from human resource matching replace other qualified personnel in the repository. Since 2012, the 
management of coal mine staff also included in the assessment of the scope of training. More than 800 coal mines city's 
Director, Deputy Director, Director, Center for Engineering, Scheduling, Security Command Center director and so on are 
quizd and 23 check failed men were withdrawn from or adjust status. 
Fifthly, strictly implement the accountability system. Miners serious breach of labour discipline, of serious malpractice 
would be dismissed. Responsibility causing casualties recorded in the Human Resources Repository list, a lifetime may be 
filed in Changzhi the coal industry employment. Level of training of the teachers teaching to be linked to student 
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achievement and actual performance. Student assessment of fraud or lucky to get away to qualify but do not meet the 
requirements of the practical level, the responsibility to come back after training schools and teachers. The Phenomenon of 
lower standards of training, relaxation training management, would investigate serious liability. Who make a fake certificate 
or take one certificate for multi-usages especially caused by unqualified practitioners without training or training of 
production safety incidents, not only to corporate accountability, and to pursue occupational training institutions, as well as 
joint and several responsibility of the regulators. 
Two Databases includes: 
(1)The establishment of labor in the coal industry in the labor security department database which detailed record the 
employees’ name, age, type of work, working time of employees, organization, training and other basic information. 
Control and Supervision enterprise employment at any time. 
(2) In labor management service center establishment of a reserve of human resources in coal industry database. Holding 
the demand for labor in the coal industry information. Targeted recruitment and training. Based on the expertise, security, 
quality, examination results and other basic information of training qualified staffs, classification entry repository of human 
resources, for coal line business. 
4. Effect: Enabling security and industrial development, ecological civilization each other to promote win – win.  
  Currently all in Changzhi City card rates and special types of coal mine workers' training staff, technicians certified rates 
have reached 100% ( As shown in table 3 ). In order to ensure the quality of training to engage in Taiyuan, Shanxi Coal 
vocational and technical college at the University of Technology experts are irregularly lectures to the coal mines of 
counseling. And selection of outstanding administrative staff to Shanxi Coal Institute of Vocational and technical training, 
cultivated a safety technical experts. 
Table 3. The basic information about age, education degree and working experience of employees of coal enterprises in Changzi city 
in 2008 and 2012. (Unit: 10,000 person) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Data show that coal mining industry personnel training and mine safety accident rates negative correlation is close, as 
shown in table 4: 
(1) In 2007, China coal mine in Changzhi train rate of 17, 83 untrained direct induction of coal mine workers, 23 
accidents occurred in the city that year, millions of tons of coal production mortality rate 0.71 ; 
2008 coal mine in China training rate increased to 30, when the accident number dropped to 10 from the previous year's 
23, fell by 56.5 million tons of coal mortality rate dropped from 0.71 to 0.51, down 28.2 ; 
Training rate increased to 86 in 2009, accident number dropped to 9 from the previous year's 10, fell by 10 million tons of 
coal mortality rate dropped from 0.51 to 0.3, down 41.2 ; 
Training rate of 100 in 2010, accident number dropped to 1 from the previous year's 9, fell by 88.9 million tons of coal 
from the previous year's 0.3 decline in mortality of 0.025, down 91.3 ; 
Training rate was stable at 100 in 2011, when the accident occurred 3 cases, increased 2 over the previous year, an 
increase of twice times, millions of tons of mortality rebound from the previous year's 0.025 to 0.032, up 23 ; 
Individual relax labor management in coal mine in 2012, taking any chances, private employees, training rate dropped to 
98.6, when the accident occurred 1 cases, 67 per cent over the previous year, millions of tons of mortality rates rebounded 
from 0.032 to 0.23. 
(2) In 2009 for Training and Examination not more than more than 8,000 qualified employee be fired, fired, a number of 
hire experience, the training of qualified personnel, millions of tons of coal rate of decline in death rates of the year's biggest. 
(3) 2010 -2011  highest rate of training , millions of tons of coal the lowest mortality rate. 
(4) Fall in training in 2012, millions of tons of coal mortality rates sharply. 
Year Age Education degree Working experience 
Total 
 18-45 46-55 
Primary 
school 
graduate 
Middle 
school 
graduate 
College 
graduate 
Above 
3 years 
Professio
nal 
training 
2008 NO. 2.93 2.93 3.07 1.71 0.1 3.27 1.46 
4.88 
 
Rati
o 
60% 40% 63% 35% 2% 67% 30% 
2012 NO. 3.87 0.63 0 4.14 0.36 3.78 4.437 
4.5 
 
Rati
o 
86% 14% 0 92% 8% 84% 98.6% 
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Table 4. Association of the training employee ratio to the incidence of safety accidents in coal enterprises in Changzhi city in 
2007 to 2012. 
 
 
 
 
 
 
 
 
Improving the quality of coal mines in China, greatly enhanced the level of Changzhi Safety Production of coal. Million 
tons of coal in the city the death rate dropped to 2012 in 0.23 from 2008 in 0.71, lower than the national average of 0.374. 
Two consecutive year as safe production advanced city in Shanxi Province. Improving the quality of safety to promote the 
industry. The average size of single well in coal mines in Changzhi city increased from 280,000 tons to 980,000 tons and 
eliminated 300,000 tons of all small coal mines. All implement mechanized mining of coal mine. Coal mining area 
increasing the recovery rate from 69 to more than 80. The city's coal resources in - place conversion rate by 30 per cent to 
60 per cent. Optimization of coal industrial structure clear. 
All main businesses are setting up a non - coal industry in coal mine project. Proportion of non - coal industry in coal 
industry revenue increased by about 20 per cent to 35 per cent. Most of the big transformation project are setted up by coal 
enterprises. Use Coal Accumulation of funds Set up more than 20 sales revenue of billions of dollars of non - coal non - 
electric Project last year, played an active role on the city's third industrial structure adjustment and optimization of internal 
structure of the industry. The city's coal industry and the establishment of the employment of non - coal industry has 
absorbed more than 100,000 people, increased 1 times than 2008 years ago. Direct mining of these personnel 45,000 people, 
5,000 fewer non - coal industry in China added 60,000 people. All miners have more than a high school education, 
including college education increased from 2 to 8.    
Production also promotes ecological civilization progress. Dust emissions from the coal industry in Changzhi City in 
2012 of 2008 declined by more than 37%.As a result of coal mine production in coal gangue, coal sludge and coal are fully 
utilized. The city has established a group of low calorific value power plants, building material factory, Application of Coal 
Gangue in about 1.25 million tons a year, effectively solve the pollution problems of coal gangue. From tons of coal 
extracted 10 dollars for afforestation and ecological rehabilitation. Afforestation area is about 100,000 acres a year and 
accelerate the relocation of the village of mining subsidence area of governance, collapse, ecological restoration of mining 
work [ 7 ]. 
5. Conclusion: Improving the quality of employees' safety is to ensure the fundamental solution of safety production 
in coal mines industry 
  In China, coal mine enterprise is belong to the extensive management enterprise, Most coal mine working are low entry 
threshold and miners are generally low quality. Short term contract shorter high personnel mobility, lager population of 
immigrant worker, and low education level are characteristics of coal mine industry. Basic production skills, especially 
deficient safety protection knowledge, poor security practice to non - standard, unscientific security operations and security 
behavior, which are the major causes of frequent accidents during coal mine safety production process. Strengthen the coal 
mining industry labor management, improving the overall quality of employees' skills and safety at work. To be able to 
substantially reduce the generation of unsafe behavior, is from the source to strengthen coal mine safety management, 
prevention and reduction of Coal Mine Safety Production the fundamental solution of the accident. 
To avoid safety accidents in coal enterprises, we should: 
(1) Elevate the employ requirements, and enhance the management and training of employees in coal enterprises to 
improve their working skills;  
(2) Improve the safety awareness of employees and make detailed and practicable plan to avoid accidents due to human 
factors in coal enterprises; 
(3) The root cause of safety accidents in coal enterprises is the management oversight. Thus, to improve the management 
capability and enhance the overall and specialized quality of employees is the fundamental requirement to make sure the 
product safety.    
Year 2007 2008 2009 2010 2011 2012 
       
Training employee ratio
˄%˅ 17 30 86 100 100 98.6 
NO.of safety accidents 23 10 9 1 3 1 
Mortality per million ton 
coal production 0.71 0.51 0.3 0.025 0.032 0.23 
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